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RELEASE AND MOBILISATION OF HAEMATOPOIETIC CELLS 

This invention relates to the use of stem cell inhibitors (SCIs), including wild-type 
molecules and variants (both naturally occurring and engineered), as agents to 
5 promote the release and mobilisation of haematopoietic cells from the marrow. 
Such agents are useful in enhancing immune responses and in cell harvesting. 

The various mature blood cell types are all ultimately derived from a single class 
of progenitor cell known as haematopoietic stem cells. True stem cells are both 
10 pluripotent - that is they can give rise to all cell types - and capable of self- 
renewal. This is defined by their ability to repopulate animals whose 
haematopoietic system has been destroyed by radiation. Stem cells represent a very 
. small percentage of bone marrow cells, and are normally quiescent. When 
■'■ stimulated to divide, they give rise to more committed, differentiated daughter cells 
15 I with greater proliferative potential. The term stem cell is often also applied to >' 
*ese so-called "early progenitor" cells. Sequential rounds of division and i 
, differentiation give rise to an enormous amplification of cell numbers, necessary ; 

for the production of mature blood cells. This process of division and ; 
:>.' differentiation is subject to regulation at many levels to control cell production. 
20 ; Thus positive factors such as the Colony Stimulating Factors (CSFs) act to promote ; 
division of early progenitors and differentiation down particular lineages, for 
example G-CSF drives neutrophil production whilst erythropoietin promotes 
formation of erythrocytes. More recendy, it has been recognised that negative 
factors may also play an important role in regulating haematopoiesis. 

25 

Leukocytic, haematopoietic cells are important in maintaining the body's defence 
against disease. For example, macrophages and lymphocytes are involved in 
potentiating the body's response to infection and tumours; granulocytes 
(neutrophils, eosinophils and basophils) are involved in overcoming infection, 
30 ' parasites and tumours. 
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Other cell types derived from haematopoietic stem cells include platelets and 
erythrocytes. Platelets form an important element in the haemostatic mechanism 
through initiating thrombus formation by their adhesion to each other and to 
damaged surfaces, and by the release of factors which assist in the formation of 
5 the fibrin clot. Erythrocytes are mainly involved in the transport of oxygen. 

Purified populations of cells are increasingly being used therapeutically and it 
would therefore be advantageous to be able to increase the number of circulating 
blood cells. It is also useful to be able to harvest haematopoietic cells prior to 
10 chemotherapy or radiotherapy, thus protecting them from the harmful effects of 
this therapy; after therapy, the cells can be returned to the patient. It would 
therefore be highly beneficial to provide an agent which promoted the release and 
mobilisation of a number of haematopoietic cells. Such an agent would be useful 
for enhancing the responses to infection. 

15 

A number of cytokines have been implicated in causing chemokinesis of 
haematopoietic cells; for example IL-8 (a member of the C-X-C family of 
chemokines) is chemotactic for neutrophils but not for monocytes, whereas LD78 
(a member of the C-C family of chemokines) is chemotactic for monocytes but 
20 not for neutrophils. Chemokinesis is an in vitro phenomenon, reflecting the ability 
of cells to move towards a stimulus. It is, however, distinct from the release and 
mobilisation of cells, which is an in vivo phenomenon in which cells leave one 
tissue compartment and enter the bloodstream. If there is a relationship between 
chemokinesis and release/ mobilisation, it is unclear what its nature is. 

25 

Neutrophils, along with other granulocytes, are an essential component of the 
body's cellular defences against infection. This is illustrated by the fact that 
individuals with a leukocyte dysfunction such as LAD (leukocyte adhesion 
deficiency) are very prone to infection. Neutrophils are continuously produced in 
30 large numbers from myeloid precursors in the bone marrow. Neutrophils are 
released into the circulation from where they can enter the tissues in response to 
chemotactic signals released locally during infection or tissue damage. This 
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extravasation is critically dependent on adhesive interactions between the vessel 
wall and the neutrophil, and involves activation of the neutrophil and upregulation 
of the avidity of its /32-integrins. The activated neutrophil can then attack the 
infective agent by release of enzymes and free-radicals, as well as by phagocytosis. 
5 Circulating and tissue neutrophils have a short half-life of about 2hr. This means 
that a high rate of neutrophil production in the marrow is essential if the ability of 
the body to defend itself against infection is not to be compromised. 

An important consequence of this high turnover rate is that neutrophil numbers 
drop very rapidly when the bone marrow is damaged. This can occur during some 
viral infections, but clinically the most important cause is chemotherapy or 
radiotherapy used to treat malignant disease. Such treatments destroy dividing cells 
within the tumour, but also devastate other highly proliferative cell populations 
such as the bone marrow and gut epithelial cells. The bone marrow toxicity kills 
haematopoietic precursors indiscriminately, but the major impact on mature cell 
numbers is seen with neutrophils and to a lesser extent platelets because of the 
short half-life of these cells. The neutropaenia resulting from chemotherapy occurs 
within two or three days of treatment, and leaves the patient vulnerable to infection 
for up to 2 weeks until the haematopoietic system has recovered sufficiendy for 
neutrophil counts to recover. 

One way to minimise the impact of this neutropaenia has been to use colony 
stimulating factors such as G-CSF and GM-CSF to enhance the neutrophil recovery 
rate by stimulating the division and differentiation of neutrophil precursors. Such 
an approach can shorten the period of neutropaenia but not abolish it. 

An alternative and complementary approach is to use negative regulators of 
haematopoiesis such as SCIs to protect early progenitors by causing them to go out 
of cell-cycle during the period of exposure to the cytotoxic agent. Such cells, when 
held out of cycle, are more resistant to the toxic effects of chemotherapy. 
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Leukocyte depletion, or leukopaenia, occurs in a number of conditions, and 
neutropaenia is one important aspect of leukopaenia generally. 

Stem cell inhibitor protein, also known as MlP-la (macrophage inflammatory 
5 protein) and huMIP-la or LD78 (for the human form), is a peptide of about 69 
amino acids and is a member of a growing family of molecules with homologous 
structure - the chemokine or intercrine family. Other notable members of this 
family include IL-8 and platelet factor 4. MP- la is unusual in that it has 
remarkable self-assembly properties. Under physiological conditions, it can form 
10 ordered multimers with molecular weights in excess of 250kDa, a property it 
shares with the closely related protein MIP-l/J. 

MlP-la was originally isolated as a macrophage product with inflammatory 
properties (Wolpe et aL, 7. Exp. Me± y 167 570-581 (1988)). However, it now 
15 seems that at least some of the original suggestions of the functions and properties 
of the molecule were wrong. For example, it now appears, somewhat surprisingly, 
that the protein, when produced as a homogeneous product from recombinant 
sources, is not particularly inflammatory and the highly purified protein is not 
pyrogenic. 

20 

A more important role for MIP-la emerged when it was discovered that it was the 
same molecule as a factor purified from bone marrow some years earlier (Graham 
et al., Nature 344 442-444 (1990)). This factor, stem cell inhibitor protein, was 
defined by its ability to put early haematopoietic progenitor cells (stem cells) out 
25 of cycle. Because stem cells are needed for repopulation of the bone marrow, there 
is a great deal of interest in the use of this protein as a marrow protective agent 
during cancer chemotherapy. A number of routes for the production of the wild- 
type molecule as well as engineered variants with improved physico-chemical 
properties are described in WO- A-93 13206. 

30 

It has now surprisingly been found that SCIs promote release and mobilisation of 
haematopoietic cells, and that this occurs extremely rapidly; more particularly, 
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they promote leukophilia (by which is meant an elevated circulating white blood 
cell count). The discovery arose from the initial observation that administration 
of SCI in a murine model of chemotherapy-induced neutropaenia induced a rapid 
and profound rise in the circulating neutrophil count. This acute neutrophilia was 
5 too large (8-10 fold increase) to be explained by simple demargination of 
neutrophils in the circulation. The most likely explanation is that the agent is 
causing release of newly formed neutrophils from the bone marrow in addition to 
simple demargination. The neutrophilia is induced within 5 minutes of 
administering the SCI protein, and typically decays to normal levels within about 
10 24hr. Subsequent readministration of SCI causes a similar effect. The effect is seen 
following both i.v. and s.c. administration. 

The neutrophilic activity is all the more surprising given the discovery that LD78 
is neither pyrogenic nor particularly inflammatory. The observed neutrophilic 
15 effect of SCIs cannot therefore be easily rationalised by analogy with the 
neutrophilic activity of pyrogenic and inflammatory molecules such as FMLP (f- 
Met-Leu-Phe) and IL-8 (interleukin-8). 

In addition to its inhibitory effects on stem cells and early progenitor cells, the SCI 
20 protein also has stimulatory effects on the division of later, more committed, 
progenitors. These effects, however, are not currently thought to be as important 
as the role of SCI in regulating the proliferation of stem cells and other early 
progenitors. 

25 However, it has not previously been shown that SCI administration promotes the 
release and mobilisation of haematopoietic stem cells and other early progenitor 
cells. It has now surprisingly been shown that administration of SCIs gives rise to 
a rapid and prolonged increase in the circulating CFU-S cell population. The most 
likely explanation is that the agent is causing release of stem cells and more 

30 committed progenitors from the bone marrow. 
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SCIs therefore promote the release of mature cells such as neutrophils and early 
progenitor cells such as CFU-S: SCIs have an effect on marrow cells at a wide 
variety of stages of maturation. 

According to a first aspect of the invention there is provided the use of a stem cell 
inhibitor (SCI) in the preparation of an agent for promoting an elevated circulating 
haematopoietic cell count, particularly by the release and mobilisation of 
haematopoietic cells. The invention is thus useful in a method of inducing the 
release of haematopoietic cells from the marrow of an animal, the method 
comprising administering to the animal an effective dose of a stem cell inhibitor. 

Any form of stem cell inhibitor protein can be used to induce the release of 
haematopoietic cells. The invention encompasses the use of the various naturally 
occurring stem cell inhibitors that have been described, including the murine 
protein (muMIP-la) and the human protein(s) (huMIP-la or LD78), as well as 
natural or protein engineered forms which may have improved biophysical or 
biological properties ("variants" and "analogues"). Wild-type murine or human 
MDMo: may be prepared as described in WO-A-9104274 or WO-A-9205198. 
More preferable, however, is the use of a variant of murine or human MlP-la 
containing one or more amino acid substitutions to control the higher order 
association of the molecule (as described in WO-A-93 13206). 

The term "variant" (or its synonym for present purposes "analogue") is used, 
broadly, in a functional sepse. As a practical matter, though, most variants will 
have a high degree of homology with the prototype molecule if biological activity 
is to be substantially preserved. It will be realised that the nature of changes from 
the prototype molecule is more important than the number of them. As guidance, 
though, at the amino acid level, it may be that (in increasing order of preference) 
at least 40, 50, 60, 65, 67 or 68 of the residues will be the same as the prototype 
molecule; at the nucleic acid level, nucleic acid coding for an analogue may for 
example hybridise under stringent conditions (such as at approximately 35°C to 
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65°C in a salt solution of approximately 0.9 molar) to nucleic acid coding for the 
prototype molecule, or would do so but for the degeneracy of the genetic code. 

Molecules useful in the present invention can be prepared from natural or 
5 recombinant sources. The preferred form of the natural molecule is a 69 amino 
acid form of LD78 described by Obaru et al J. Biochem. 99 885-894 (1986). 
Given the low amounts of SCI present in natural sources, its production by a 
recombinant route is greatly preferred. In view of the tendency of SCI to 
multimerise to form large macromolecular complexes, it is also preferred to use 
10 an engineered variant of the molecule that does not associate beyond a tetramer. 
Such variants, and their production, are the subject of WO-A-93 13206. The 
variants preferred for use in that application are similarly preferred for use in this 
application. 

15 There are in principle four stages in the association mechanism at which it is 
possible to prevent the formation of large multimers (and therefore aggregates) of 
SCIs. Inhibition of each of these stages could be influenced by a mutation in a 
different region of the SCI molecule. 



20 



25 



30 



First, further association of tetramers can be inhibited. Secondly, if the SCI 
dimers are prevented from associating to tetramers, then further multimerisation 
will be inhibited. Thirdly, SCI monomers may be prevented from dimerising. 
Fourthly, further association of dodecamers to higher order multimers can be 
inhibited. Any of these options can be implemented by specific mutation of 
residues involved in promoting and/or stabilising the association events. A further 
option would be to use a combination of mutations simultaneously to block two or 
all of the association events. 

The following amino acid residues are preferred for modification: 

(i) amino acid residues which could be involved in stabilising the 
interaction between two dimers; and 
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(ii) amino acid residues at surface regions, on the external faces of the 
tetramer, which could act as sites for higher order association. 

Radical mutation of individual or combinations of key residues stabilising the 
5 association of dimers into tetramers will yield a dimeric recombinant SCI variant 
or analogue molecule. Similarly, mutation of residues at the sites of association 
of tetramers to multimers will yield a tetrameric SCI variant or analogue molecule. 
The amino acid modification preferably involves a substitution, although deletions 
and additions are contemplated within the scope of the invention. 

10 

The types of mutation preferred for producing the desired effects are: 

(i) charge repulsions (successfully used to produce monomeric insulin; 
Dodson, Prospects in Protein Engineering Meeting Abstracts, 49-53, 

15 (1989)); 

(ii) hydrophobic to hydrophilic changes; 

(iii) neutral/hydrophobic to charged. 

20 

It is generally better not to substitute very hydrophobic residues into the protein 
in order to avoid contributing to the hydrophobic effect in association. Equally, it 
is preferred to avoid mutations which significantly disrupt secondary structural 
elements of the protein: so, for example, known /3-breakers are preferably not 
25 introduced into £-sheet regions. 

Certain types of mutation are most effective in producing desirable changes within 
the SCI molecule. These are : 

30 charge reversal; 

charged residue to neutral; 
hydrophobic to hydrophilic. 
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For optimum results substitutions should be made at particular sites within the 
molecule. The residues which should be altered are dependent on the level of 
multimerisation which is to be prevented. 

5 The following discussion of preferred sites for mutation deals primarily with 
LD78, the proposed structure of which is shown in Figure lb of WO-A-93 13206. 
In Figure lb of that application, the ribbon traces the predicted path of backbone 
atoms for the LD78 monomer. The labelled residues define the putative secondary 
structure elements. /3-sheet strand 1 runs from Phe23 to Thr30; /3-sheet strand 2 
10 runs from Lys35 to Thr43; /3-sheet strand 3 runs from Ser46 to Pro53; and the C- 
terminal helix runs from Trp57 to Ala69. Analogous secondary structural elements 
may be inferred for other SCIs, including MlP-la, for example using the amino 
acid alignment shown in Figure la of WO-A-93 13206. 

■ , ' . , , • , [ ! ] i * ; 

i ' ; ;■ 15 ) \ It is apparent that some faces of the monomer are involved in more than one part 
M of the multimerisation pathway. The extent of disruption/inhibition of self- 

. association in those faces is related to the nature of the amino acid substitution. 

. Inhibition of monomer to dimer formation can be achieved by one or more 
20 ■ mutations, for example at residue 19 (lie) or 39 (Val). Either residue may be 
changed to Ala. 

Dimer to tetramer formation is affected by mutations in residues projecting away 
from the surface of the dimer in strand 1 of the /? sheet, and/or in the turn between 
25 strands 2 and 3 of the B sheet. Examples of the first region are amino acids 24-29 
of LD78 and of the second region are amino acids 43-47 of LD78. In particular, 
Phe23>Ala, Ile24>Asn, Tyr27>Asn, Phe28>Glu, Glu29>Arg, Lys44>Glu 
* (especially with Arg45 >Gln) and Arg 45 > Glu are preferred. 

30 Tetramer to dodecamer formation can be inhibited or disrupted by mutations of the 
nature described above in either the residues which form a chain N-terminal to the 
turn into strand 1 of the sheet (where two changes are preferred), particularly 
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residues 16-21, especially 17-19 or at position 4, 12, 26, 44, 48, 56 or 66 of 
LD78. In particular, Ala4>Glu, Phel2>Asp, Argl7>Ser, Asp26>Ala 
(especially with Glnl8>Glu), Argl7>Glu (again especially with Glnl8>Glu), 
Asp26 > Ala, Lys44 > Ser, Gln48 > Glu (especially with Phe28 > Glu), GIu56 > Ser 
5 and Glu66 > Ser are preferred. 

Dodecamer to higher order multimer formation is prevented or disrupted by 
mutations at positions 12 to 21, especially positions 12, 18 and 21, of LD78, or 
at position 65. In particular, Phel2>Gln, Glnl8>Glu, Gln21>Ser and 
10 Leu65 > Ala are preferred. 

Generally preferred LD78 analogues of the invention include molecules which 
comprise a sequence substantially corresponding to LD78, but with a mutation at 
one or more (but preferably no more than two) of the following amino acid 
15 residues: Serl, Leu2, Ala3, Ala4, Asp5, Thr6, Ala9, Phel2, Serl3, Tyrl4, Serl6, 
Argl7, Glnl8, Ilel9, Pro20, Gln21, Phe23, IIe24, Asp26, Tyr27, Phe28, Glu29, 
Ser31, Ser32, Gln33, Ser35, Lys36, Pro37, Gly38, Val39, Ile40, Leu42, Thr43, 
Lys44, Arg45, Ser46, Arg47, Gln48, Asp52, Glu55, Glu56, Gln59, Lys60, Tyr61, 
Val62, Asp64, Leu65, Leu67, Glu66, Ser68, and Ala69. 

20 

Preferred LD78 analogues in accordance with the invention include Lys44>Glu 
(with Arg45>Gln), Arg47>Glu, Phe28>Glu, Phe28>Glu (with Gln48>Glu), 
Phe28>Glu (with Arg47>Glu), Argl7>Ser (with Glnl8>Glu), Phel2>Ala, 
Val39 > Ala, Ile40 > Ala, Asp26 > Ala (with GIu29 > Arg and Arg47 > Glu). More 

25 preferred LD78 analogues in accordance with the invention include Axgl7>Ser, 
GIu29>Arg, Glnl8>Glu, Asp26>Ser, Gln48>Ser, Thrl5>Ala, Gln21>Ser, 
Phe23>Ala, Ser32>Ala, Ala51>Ser, Ala4>Glu, Phel2>Asp, Asp26>Gln, 
Lys36>Glu, Lys44>Glu, Arg45>Glu, Glu56>Ser, Glu66>Gln. The most 
preferred LD78 analogues in accordance with the invention are Phel2>Gln, 

30 Lys44>Ser, Argl7>Glu (with Glnl8>Glu) and, especially, Asp26>Ala and 
Glu66>Ser. 
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Generally preferred muMIP-la analogues of the invention include molecules which 
comprise a sequence substantially corresponding to muMIP-la, but with a 
mutation at one or more (but preferably not more than two) of the following amino 
acid residues: Alal, Pro2, Tyr3, Gly4, Ala5, Asp6, Thr7, AlalO, Phel3, Serl4, 
5 Tyrl5, Serl6, Argl7, Lysl8, Ilel9, Pro20,Arg21, Phe23, Ile24, Asp26, Phe28, 
Glu29, Ser31, Ser32, Glu33, Ser35, Gln36, Pro37, Gly38, Val39, Ile40, Leu42, 
Thr43, Lys44, Arg45, Asn46, Arg47, Gln48, Asp52, Glu55, Thr56, Gln59, 
Glu60, Tyrfl, Ile62, Asp64, Leu65, Glu66, Leu67, Asn68 and Ala69. 

10 Preferred muMIP-la analogues of the invention correspond to the preferred LD78 
analogues described above. 

Molecules in accordance with the invention will for preference be free of N- 
. t terminal extensions preceding Ser-1 (in the case of LD78) or Ala-1 (in the case of 
15 < MlP-la). 

Engineered or natural variants containing an amino acid substitution at one or more 
of the aspartic acid or glutamic acid side-chains are especially preferred in the 
present invention. Examples include LD78(Asp26> Ala), LD78(Glu56>Ser), 
20 LD78(Phel2 > Gin), LD78(Argl7 > Ser), LD78(Glu66 > Ser), LD78(Asp26 > Ser) 
andLD78(Phe23>Ala). 

The invention is particularly useful in inducing Ieukophilia, for example 
neutrophilia, in various disease states. For example neutropaenia may arise as a 
25 result of microbial (such as bacterial) infection; the neutropaenia can be addressed 
by inducing neutrophilia. Other diseases of which neutropaenia is a symptom or 
cause may also be treated by means of the invention, possibly in conjunction with 
4 cytotoxic agents. Such diseases are exemplified by, but not limited to, the 

following: 

30 

• congenital neutropaenias such as Kostmann's syndrome and 
Schwachman-Diamond syndrome; 
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10 



15 



childhood and adult cyclic neutropaenia; 
post-infective neutropaenia; 
myelo-dysplastic syndrome; and 

neutropaenia associated with chemotherapy and radiotherapy. 



The observation described above is surprising because there is no report in the 
literature of SCI proteins having acute effects on mature neutrophils. Most of the 
reports relate to the effects of SCI in inhibiting the proliferation of early 
haematopoietic progenitors, or stimulating division of later more committed 
progenitors. The acute effects of SCI have been examined using a number of 
myeloid cell lines; for example, it has been shown that Ca 2+ influx is triggered 
by SCI in the monocyte-like line THP-1. However, such studies were not related 
to likely in vivo effects. Such cell lines are of limited utility as models of mature 
cell function, and cannot be used to predict in vivo effects of an agent. 



A number of other agents such as FMLP, IL-8 and LPS are known to induce i' 
neutrophilic responses similar to those we observe with SCIs (Jageis and Hugli, J. 
Immunol. 148 1119-1128 (1992)). These molecules were investigated because of ; 
their known role as potent inflammatory mediators. However, LD78 appears to 
20 exert its neutrophil effect independent of any inflammatory action. 

The invention is useful in inducing the release of mature cells and committed 
progenitor cells of the myeloid lineage. Committed progenitors are formed by 
division of the true stem cells. These more differentiated, but not fully 

25 differentiated, daughter cells have greater proliferative potential than the true stem 
cell, but can only differentiate into specific cell types. Mature myeloid cells 
include granulocytes (comprising neutrophils, eosinophils and basophils), 
macrophages and lymphocytes. An increase in the circulating number of 
macrophages and lymphocytes may be particularly useful in potentiating the body's 

30 response to infection and tumours. Such an increase may also be important in the 
treatment of severe chronic neutropaenia. Macrophages are involved in the acute 
inflammatory response, and in the response to bacteria and parasites. An increase 
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in granulocytes may help fight acute or chronic microbial, fungal and parasite 
infection, and tumours; for example, eosinophilia is a marked feature of the 
immune response to helminthic infection. 

5 The invention is also useful in inducing the release of haematopoietic stem cells. 
This may be particularly relevant in the harvesting of cells before chemotherapy, 
to protect the cells from the harmful effects of the treatment. Until the present 
invention, G/GM-CSF have been used to release stem cells from marrow so that 
they can be harvested before chemotherapy. This treatment generally takes 4 to 7 
10 days but can take up to 12 days, and the timing of the appearance of cells in the 
blood is unpredictable. It is therefore highly beneficial to the patient to be able to 
use SCI treatment which releases a significant percentage of the marrow cells in 
a predictable fast time, for example about 30 minutes. 

15 > It is particularly surprising that SCIs, while inhibiting stem cell proliferation, 
should also be involved in the mobilisation and release of these cells from the 
. marrow. This invention is the first observation of the release of haematopoietic 
stem cells from the marrow by chemokine administration. 

20 The potential utility of SCI as a stimulator of the release of haematopoietic cells 
from bone marrow appears hitherto to have been overlooked, possibly because of 
the overriding interest in its role as a negative regulator. 

Finally, SCIs have now been shown to have an enhanced effect when co- 
25 administered with colony-stimulating factors. Co-administration of SCI with G- 
CSF causes the enhanced mobilisation of a number of cell types, for example 
neutrophils, monocytes, eosinophils, lymphocytes and basophils. This is 
particularly surprising as we have shown that G-CSF alone has no effect on the 
release of eosinophils or basophils after 2 days administration. Similar effects may 
30 be observed when other agents such as GM-CSF, f-Met-Leu-Phe or IL-8 are co- 
administered with SCIs. 
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The invention thus has a clear clinical indication as a replacement for, or adjunct 
to, the use of CSFs in peripheral blood cell transplantation. Peripheral blood cell 
transplantation is an important procedure in the treatment of cancer patients with 
high dose chemotherapy. In such treatments, patients are treated to induce clinical 
5 remission of their cancers; then during the remission, successive treatments with 
CSF, for example by priming with cyclophosphamide then a<tainistration of G- 
CSF, cause eventual mobilisation of cells from the bone marrow to the peripheral 
circulation for harvesting of leucophoresed blood; then the patient is given high 
dose chemotherapy or radiotherapy and the resultant bone marrow failure is 

10 compensated for by infusion of the stored blood or cells collected previously. The 
foregoing procedure may be modified by omission of the initial induction of 
remission, and whole blood may be collected rather than leukophoresed blood. 
According to the invention, the mobilisation effects of SCIs makes them candidates 
both to replace CSF's in such cancer treatment regimes, and also to complement 

15 ' the mobilisation effects of CSFs in joint CSF/SCI treatments. Mobilisation of stem 
cells, progenitors and neutrophils from the marrow occurs more rapidly with SCIs 
than with CSFs, and SCIs synergise with CSFs to produce a predictable, fast and 
enhanced yield of stem cells, progenitors and neutrophils, potentially obviating the 
need for repeated aphoresis. In summary, SCIs offer the following advantages: 

20 (i) they reduce the need for CSF and/or priming chemotherapy; (ii) they give 
enhanced yields of stem cells, progenitors and leucophils; and (iii) they offer a 
more predictable and manageable regime for peripheral blood cell transplantation. 

The effect of SCIs in inducing leukophilia will find clinical and veterinary 
25 application in all utilities where the raising of haematopoietic cell levels is 
important. For example, SCIs may be used to enhance immune responses against 
chronic infections, particularly parasitic and bacterial infections. They may also 
have a role in promoting wound healing. The haematopoietic stem cells released 
and harvested in the manner described above may also be useful for subsequent in 
30 vitro , or at least ex vivo, manipulation to deliver gene products in gene therapy. 
Co-administration with cytotoxic drugs is another endpoint. 
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Co-administration with an immunogen could likewise lead to enhanced immune 
responses and thus better acquired immunity. The augmentation of the immune 
response may be either qualitative, for example an enhanced CTL response or 
antibody response, or a redirection of responses from Thl to Th2 type responses 
5 or vice versa where appropriate. 

Therefore, according to a second aspect of the invention there is provided a 
prophylactic or immunotherapeutic vaccine formulation having stem cell inhibition 
activity and immunogenic activity. The formulation may comprise a stem cell 
10 inhibitor and an immunogen. 

The stem cell inhibitor, which will generally be proteinaceous, may simply be in 
admixture with the immunogen. However, it may be administered separately. 
According to a third aspect of the invention, therefore, there is provided a product ! 
15 ^ comprising a stem cell inhibitor and an immunogen for separate, simultaneous or 
sequential administration in immunotherapy or prophylaxis. 

The immunogen may correspond to a sequence derived from or associated with an 
aetiological agent or a tumour. The aetiological agent may be a microorganism 

20 such as a virus, bacterium, fungus or parasite. The virus may be: a retrovirus, 
such as HIV-1, HIV-2, HTLV-I, HTLV-II, HTLV-m, SIV, BIV, LAV, ELAV, 
CIAV, murine leukaemia virus, Moloney murine leukaemia virus or feline 
leukaemia virus; an orthomyxovirus, such as human influenza A, B or C, or horse 
or cat influenza; a paramyxovirus, such as parainfluenza virus, mumps, measles, 

15 RSV or Sendai virus; a papovavirus, such as HPV; an arenavirus, such as LCMV 
of humans or mice; a hepadnavirus, such as Hepatitis B virus; or a herpes virus, 
such as HSV, VZV, CMV, or EBV. The tumour-associated or derived antigen 
may for example be a proteinaceous human tumour antigen, such as a melanoma- 
associated antigen, or an epithelial-tumour associated antigen such as from breast 

10 1 or colon carcinoma, or an oncogene product such as the raf tumour gene. 
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The antigenic sequence may be also derived from a bacterium, such as of the 
genus Neisseria, Campylobacter, Bordetella, Listeria, Chlamydia, especially C. 
trachomatis, Mycobacterium or Leishmania, or a parasite, such as from the genus 
Trypanosoma, Schizosoma, Plasmodium, especially P. falciparum, or from a 
5 fungus, such as from the genus Candida, Aspergillus, Cryptococcus, Histoplasma 
or Blastomyces. 

Preferred antigenic sequences correspond to epitopes from a retrovirus, a 
paramyxovirus, an arenavirus or a hepadna virus, or from a human tumour cell. 
10 Examples include epitopes from: 





1) 


HIV (particularly HIV-1) gpl20, 




2) 


HIV (particularly HIV-1) p24, 




3) 


VZV gpl, gpn and gpm, 


15 i 


4) 


LCMV nucleoprotein, 




5) 


Influenza virus nucleoprotein, 




6) 


Influenza matrix protein, haemagglutonin or neuraminidase, 




7) 


HPV LI and L2 proteins, 




8) 


Human papilloma virus E5 and E7, 


20 


9) 


Malaria CSP or RESA antigens, 




10) 


Mycobacterium p6, 




11) 


GA 733-2 epithelial tumour-associated antigen, 




12) 


MUC-1 repeat sequence from epithelial tumour-associated antigen, 




13) 


Melanoma MZ2-E antigens and 


25 


14) 


Melanoma p97 associated antigen. 



Vaccine formulations will generally be adapted for parenteral administration and 
be sterile. An aqueous carrier such as water for injections, physiological saline 
or phosphate-buffered saline (PBS) will generally be present. The use of PBS is 
30 preferred if a demuitimerised form of SCI is to be used. One or more appropriate 
adjuvants (apart from the stem cell inhibitor itself, if that is functioning as an 
adjuvant) may also be present. Examples of suitable adjuvants include muramyl 
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peptide compounds such as prototype muramyl dipeptide, aluminium hydroxide and 
saponin. Other diluents and/or adjuvants and if desired other active ingredients 
may additionally be present. Non-vaccine formulations would generally be 
formulated similarly. 

5 

The active ingredient may be administered parenterally in a sterile medium. 
Depending on the vehicle and concentration used, the drug can either be suspended 
or dissolved in the vehicle. Advantageously, adjuvants such as a local anaesthetic, 
preservative and buffering agents can be dissolved in the vehicle. 

10 

Therapeutic or prophylactic administration of SCI proteins can be by injection, 
preferably via i.v. i.p. i.m. or s.c. routes. Other routes such as transdermal, oral, 
intranasal or by inhalation may also be possible. 

15 ' Dosage of stem cell inhibitors in accordance with any aspect of the invention will 1 
be such as to be effective and will be under the control of the physician or ' 
clinician. As general but not exclusive guidance, though, where the SCI is not 
being administered with an immunogen, doses may be in the range of from 0.001 
to 1 mg/kg, preferably from 0.01 to 0.2 rag/kg. Doses may be administered 

20 repeatedly, for example from 1 to 6 times per day, preferably from 1 to 3 times 
per day. 

For use as an adjuvant, the SCI can be administered as described above, but 
preferably by the s.c. or i.m route at a site remote from the primary immunisation. 
25 The dose may be in the range of from 0.001 to lmg/kg, preferably from 0.01 to 
0.2 mg/kg. Preferably only a single dose will be given, at the time of 
immunisation. 

The acute leukophilia observed on administration of SCIs is a very convenient way 
30 to monitor the in vivo activity of the molecule. According to a fourth aspect of the 
invention, therefore, there is provided a method of detecting or assaying in vivo 
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activity of a stem cell inhibitor molecule, the method comprising administering the 
molecule to an experimental animal and observing a haematopoietic response. 

Preferred features for each aspect of the invention are as for each other aspect, 
5 mutatis mutandis. 

The invention will now be illustrated by the following examples. The examples 
refer to the accompanying drawings, in which: 

10 FIGURE 1 is a graph showing the neutrophilic effect of LD78 on 5-FU- 

treated mice; 

FIGURE 2 is a graph showing the neutrophilic effect of LD78 on ara-C- 
treated mice; 

15 

FIGURE 3 is a further graph showing the neutrophilic effect of huMP-la 
(LD78) on ara-C-treated mice; 

FIGURE 4 shows the neutrophilic effect of LD78 and mutant #10 
20 (LD78(Asp26>Ala)); 

FIGURE 5 shows the neutrophilic effect of different s.c. doses of LD78; 

FIGURE 6 shows the neutrophilic effect of different s.c. doses of mutant 
25 #10 (LD78(Asp26>Ala)); 

FIGURE 7 shows the neutrophilic effect of different i.v. doses of LD78; 

FIGURE 8 shows the neutrophilic effect of different i.v. doses of mutant 
30 #10(LD78(Asp26>Ala)); 
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FIGURE 9 shows the neutrophilic effect of different i.v. doses of mutant 
#26 (LD78(Phel2>Glu)); 

FIGURES 10a, 10b and 10c show the effect of LD78, mutant #10 
(LD78(Asp26> Ala)) and mutant #26 (LD78(Phel2>Glu)), respectively, 
on calcium efflux; 

FIGURE 11 shows the time course of the neutrophil count post-dosing at 
various levels s.c. in marmosets; 

FIGURE 12 shows the time course of the neutrophil count post-dosing at 
various levels i.v. in marmosets; 



FIGURE 13a and 13b show the time course for mobilisation of peripheral 
15 CFU-S eount and leukocytes, respectively. 

FIGURE 14 shows the effects of G-CSF co-administered with mutant#10 
(LD78) (Asp 26 > Ala)) on mouse neutrophil count. 

20 FIGURE 15 shows the effects of G-CSF co-administered with mutant#10 

(LD78) (Asp 26 > Ala)) on mouse lymphocyte count. 

FIGURE 16 shows the effects of G-CSF co-administered with mutant#10 
(LD78) (Asp 26 > Ala)) on mouse monocyte count. 

25 

FIGURE 17 shows the effects of G-CSF co-administered with mutant#10 
(LD78) (Asp 26 > Ala)) on mouse eosinophil count. 

FIGURE 18 shows the effects of G-CSF co-administered with mutant#10 
30 (LD78) (Asp 26 > Ala)) on mouse basophil count. 
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FIGURE 19 shows the mobilisation of multipotent haematopoietic 
progenitors (CFU-mix) to peripheral blood by mutant 10. 

FIGURE 20 shows the mobilisation of multipotent haematopoietic 
5 progenitor to spleens by mutant 10. 

FIGURE 21 shows the effect of sequential use of G-CSF and SCI's on 
multipotent haematopoietic progenitor mobilisation to peripheral blood. 

10 FIGURE 22 shows the effect of sequential use of G-CSF and SCI's on 

multipotent haematopoietic progenitor mobilisation to the spleen 

FIGURE 23 shows the effect of mutant 10 on the mobUisation of 
progenitors from cyclophosphamide and G-CSF primed mice to the 
15 peripheral blood. 

FIGURE 24 shows the effect of mutant 10 on the mobUisation of 
progenitors from cyclophosphamide and G-CSF primed mice to the spleen. 

20 FIGURE 25 shows the effect of sequential use of G-CSF (lOOug/Kg b.i.d. 

s.c. for 2 days) and mutant 10 (lOOug/Kg s.c.) on the mobUisation of 
colony forming units spleen day 8 (CFU-Sd8). 

FIGURE 26 shows the effect of sequential use of G-CSF (lOOug/Kg b.i.d. 
25 s c - for 2 days) and mutant 10 (lOOug/Kg s.c.) on the mobUisation of 

colony forming units spleen day 12 (CFU-Sdl2). 

FIGURE 27 shows the repopulating abUity of the peripheral blood 
mobUised CFU-S after the sequential use of G-CSF (lOOug/Kg b.i.d. s.c. 
30 for 2 days) and mutant 10 (lOOug/Kg s.c). 
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FIGURE 28 shows the mobilisation of multipotent progenitors by variants 
ofLD78. 

FIGURE 29 shows the effect of sequential use of G-CSF and SCI's on the 
mobUisation of very early progenitors expressing Sca-1 + but not Lin+ cell 
surface markers. 

FIGURE 30 shows the effect of mutant 10 on the mobilisation of very early 
progenitors from cyclophosphamide and G-CSF primed mice. 

FIGURE 31 shows the effect of LD78 variants, 100/tg/kg s.c. on 
neutrophil count on 2 day G-CSF pre-treated C57BL/6J mice. 

FIGURE 32 shows the effect of LD78 variants, 100/zg/kg s.c. on 
15 lymphocyte count on 2 day G-CSF pre-treated C57BL/6J mice. 

FIGURE 33 shows the effect of LD78 variants, 100/ig/kg s.c. on monocyte 
count on 2 day G-CSF pre-treated C57BL/6J mice. 



10 



20 



FIGURE 34 shows the effect of LD78 variants, 100pg/kg s.c. on 
eosinophil count on 2 day G-CSF pre-treated C57BL/6J mice. 

FIGURE 35 shows the effect of LD78 variants, 100,zg/kg s.c. on basophil 
count on 2 day G-CSF pre-treated C57BL/6J mice. 

FIGURE 36 shows the effect of mutant 10, lOO^g/kg s.c, 30 min prior to 
sampling on the neutrophil count of G-CSF treated C57BL/6J mice. 



FIGURE 37 shows the effect of mutant 10, 100/tg/kg s.c, 30 min prior to 
30 sampling on the lymphocyte count of G-CSF treated C57BL/6J mice. 



25 
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FIGURE 38 shows the effect of mutant 10, 100jig/kg s.c., 30 min prior to 
sampling on the monocyte count of G-CSF treated C57BL/6J mice. 

FIGURE 39 shows the effect of mutant 10, 100/xg/kg s.c, 30 min prior to 
5 sampling on the eosinophil count of G-CSF treated C57BL/6J mice. 

FIGURE 40 shows the effect of mutant 10, 100/zg/kg s.c, 30 min prior to 
sampling on the basophil count of G-CSF treated C57BL/6J mice. 

10 FIGURE 41 shows the effect of rhMIP-l/J, 100Mg/kg s.c, on the 

neutrophil count of the BALB/c mouse 30 minutes post dosing. 

FIGURE 42 shows the effect of murine MEP-la (SCP) on flu specific CTL 
induction. 

15 

FIGURE 43 shows the effect of murine MEP-la (SCP) on malaria specific 
CTL induction. 



20 EXAMPLE 1 Effect of LD78 on Neutrophil Recovery Kinetics in a Murine 5-FU 
Model of Neutropaenia 

5-fluorouracil (5-FU) was chosen for study because it is a powerful marrow 
ablating agent. A model of 5-FU induced neutropaenia was established and the 
effect of LD78 on neutrophil recovery was examined. A single dose of 5-FU, 
25 150mg/kg i.p., was given to all mice on day 0 at time 2hr. Mice were treated 
with LD78 or placebo (phosphate buffered saline - PBS). LD78 was dosed at 
Img/kg and 3mg/kg s.c. at 0 and 7 hr respectively on days -1 to +3 (volume 
40/xl); placebo treated mice were similarly treated but with 40/xl PBS. 

30 Blood samples from both groups and an untreated control group were taken by 
cardiac puncture at time 1 hr on days +1 to +15 under terminal halothane 
anaesthesia (n=4-5 per group per day). Blood samples were anticoagulated with 
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EDTA, neutrophil and platelet counts were performed on a Technicon™ HI blood 
cell analyser (Bayer Diagnostics). 

Transient neutrophilia was unexpectedly detected in the LD78 treated group on 
5 days -1 to +3. The neutrophilia decayed to a 5-FU-induced neutropaenia similar 
in depth and duration to the placebo treated group (Figure 1). 

EXAMPLE 2 - Effect of LD78 on Neutrophil Recovery Kinetics in a Murine Ara- 
C Model of Neutropaenia 

10 A model of neutropaenia using cytosine arabinoside (Ara-C) was also investigated. 
This agent was used in the only reported study of the effect of LD78 on neutrophil 
recovery (Dunlop et aL, Blood 79 2221-2225 (1992)). LD78 was dosed at lmg/kg 
and 3mg/kg s.c. at 0 and 7 hr respectively on days -5 to +2 (volume 40/xl); 
placebo treated mice were dosed with 40^1 PBS. Ara-C lOOmg/kg Lp. was given t 

15 ! to all mice at time -lhr and 6hr on days -5, -1 and 0. 

For neutrophil and platelet counts, blood samples were taken from both groups and 
an untreated control group on days -4 to +10 by cardiac puncture at time 1 hr 
: under terminal halothane anaesthesia (n=4-5 per group per day). Blood cell 
20 counts were analysed on a Technicon" HI blood cell analyser (Bayer diagnostics). 

A transient neutrophilia was again observed in the LD78 treated group on days -4 
and -3. The neutrophilia was followed by a neutropaenia whose nadir was the same 
as the placebo treated group. Neutrophil recovery was faster in the LD78 treated 
25 group, with recovery seen on day +5 compared to day +7 in the placebo treated 
group (Figure 2). LD78 could be detected in the samples at concentrations between 
100-150ng/ml up to day 0, dropping to < 500pg/ml on day +3, one day after the 
last dose with LD78. 

30 The LD78 treatment clearly enhanced neutrophil recovery, since the neutrophil 
count had returned to normal values on days +5 and +6 post dosing in the Un- 
treated group, compared to day +7 in the placebo treated group. The maximum 
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degree of neutropaenia was not affected. Overall, the duration of neutropaenia was 
reduced by 4 days in the LD78 treated group, although at least 2 days of this 
reduction can be accounted for by the acute neutrophilic effects of the LD78 
treatment. 

In a direct repeat of the above study, transient neutrophilia was also observed on 
days -4 and -3. However, the duration of the neutropaenia in the LD78 treated 
group and the placebo treated group were not significantly different in the second 
study. This result was due in part to the neutrophil count on day +5 of the 
placebo group which had recovered to control levels compared to day +7 in the 
first study (Figure 3). The neutrophil recovery rate appears to be greater in the 
LD78 treated group. 

Taken together, these two studies indicate that LD78 is having an effect on , 
neutrophil recovery rates. The observation that LD78 induces an acute 
neutrophilia was unexpected, and has provided a number of potential clinical 
indications for this molecule. 

EXAMPLE 3 - Neutrophilia Studies in RALB/c Mice bv subcutaneous injection 
In order to investigate further the acute neutrophilia described above, the effect of 
LD78 was compared with that obtained using two LD78 variants or mutants. 
Mutant #10 carries a single Asp26>Ala substitution which discourages the 
molecule from associating beyond a tetramer and may be designated 
LD78(Asp26>Ala). Mutant #26 carries a single substitution (Phel2>Glu) and 
forms a homogeneous population of dimers; it may be designated 
LD78(Phel2>Glu). The biological properties of Mutant #10 are essentially wild- 
type with respect to receptor binding and its ability to induce Ca 2+ responses in 
THP-1 cells. Mutant #26, in contrast, is essentially inactive and was included as 
a control. 

BALB/c mice were dosed with either LD78 at 1, 10, 30, 100 and 1,000/tg/kg s.c; 
mutant #10 at 1, 10 and 30/ig/kg s.c; or mutant #26 at 30, 100 and lOOOjig/kg 
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s.c. (all 40/xl volume in PBS). Blood samples were taken at 30min post-dosing by 
cardiac puncture under terminal halothane anaesthesia. Blood samples were 
anticoagulated with EDTA and neutrophil counts were performed using a 
Technicon" HI blood cell counter (Bayer). 

5 

A dose-dependent increase of neutrophil counts was seen in LD78 treated animals 
with doses up to 100/ig/kg; no further increase was seen at l,000^g/kg. Mutant 
#10 at the doses tested showed similar increases in neutrophil counts to LD78. 
However, mutant #26 showed only marginal increases in neutrophil counts at 
10 1,000/xg/kg (Figure 4). The time course of the neutrophil count post-dosing at 
various levels s.c. is shown for LD78 in Figure 5 and for mutant #10 in Figure 6. 

EXAMPLE 4 - Neutrophilia Stud ies m BAIJ R/c Mice by intravenous injection 
The procedure of Example 3 was repeated, except that the active compound was \ 
15 < administered i.v. rather than s.c. Effects on neutrophil count were again seen, but 1 
less markedly than for the s.c. administration of Example 3. The time course of 
the neutrophil count post-dosing at various levels Lv. is shown for LD78 in Figure 
7, for mutant #10 in Figure 8 and for mutant #26 in Figure 9. 

20 . EXAMPLE 5 - Adjuvant properties of SCIs 

The effects of murine MlP-la (SCP) on cytotoxic T lymphocyte (CTL) induction 
by hybrid Ty-VLPs were examined. Hybrid Ty-VLPs are virus-like particles 
which comprise an antigenic sequence fused to the C-terminus of the self 
assembling pi protein derived from the yeast retrotransposon. Hybrid Ty-VLPs 

25 are produced in yeast. Hybrid Ty-VLPs carrying 40 amino acids of the influenza 
virus nucleoprotein were prepared as previously described in WO-A-9320840. 
BALB/c mice were immunised intramuscularly with 20/ig flu NP-VLPs with either 
250, 25, 2.5 or 0 ng of SCP. 12 days later the spleens were removed and 
spenocytes restimulated with influenza peptide for 7 days. The cells were then 

30 assayed for CTL activity. Figure 42 shows that SCP at 2.5ng enhanced CTL 
levels, assessed by killing of flu NP peptide. The data represent the mean of 32 
mice/group. BALB/c mice were also immunised with 1/zg hybrid VLPs carrying 
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a 9 amino acid sequence of the malaria circumsporozoite (CSP) protein with either 
250, 25, 2.5 or Ong of SCP. Spleens were removed 3 days later and the 
splenocytes were restimulated for 7 days with a malaria CSP peptide (9 amino 
acids). The cells were then assayed for CTL activity against malaria CSP peptide- 
5 pulsed P815 target cells ( 51 Cr labelled). Figure 43 shows that all three dose levels 
of SCP enhanced malaria-specific CTL activity. The data represent 3 mice/group. 

EXAMPLE 6 . Wild-tvpe LD78 is not Pvrogenic 

Recombinant wild-type LD78 was tested for pyrogenicity in rabbits by the 
10 European Pharmacopoeia pyrogen test V.2.1.4 (1986). Rabbits were dosed with 
a 5 mg/ml formulation at 2ml/kg bodyweight. The mean ± SD temperature 
increase was 0.38 8 C ± 0.024°C (n=3), from which result the European 
Pharmacopoeia defines the product as being non-pyrogenic. 

15 EXAMPLE 7 Ca 2+ Efflux in THP-1 cells 

THP-1 cells at a density of 2 to 3 X 10 6 cells/ml were loaded with FURA-2AM™ 
Cells in logarithmic growth were washed in medium and incubated in the presence 
of 1 nM FURA-2AM" at 37 °C for 45 minutes. The cells were washed in Tyrodes 
buffer to remove excess FURA-2AM™. Finally the cells were resuspended in 

20 Tyrodes buffer to 2-3X10 6 cells/ml and the tube wrapped in foil to prevent light 
bleaching the dye. All experiments were performed within 90 minutes of labelling 
the cells. 

The cells were mixed with Ca 2+ (final concentration 1 mM) and placed into a 
25 Perkln-Elmer" 1 LS-50 fluorimeter. Wild-type LD78, variant 10 or variant 26 
were added (1/ig/ml) and the increase of fluorescence intensity was measured 
under the following conditions: 

\ x = 340nm, 10 nm bandwidth; \ m = 500nm, 10 nm bandwidth; 

1 cm pathlength cell; thermostatted cell holder at 37 8 C. 
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The result is shown in Figure 10. Estimates of the maximum and minimum 
fluorescence intensities were made by the addition of digitonin and EGTA, 
respectively, and are also shown in Figure 10. 

5 EXAMPLE 8 - Neutrophilia Studies in Marmosets bv subcutaneous injection 

Marmosets were dosed with mutant #10 at lOOjzg/kg s.c. (all AOfil volume in 
PBS). Blood samples were taken at and anticoagulated with EDTA and neutrophil 
counts were performed using a Technicon™ HI blood cell counter (Bayer). The 
time course of the neutrophil count post-dosing at various levels s.c. is shown in 
10 Figure 11. 

EXAMPLE 9 - Neutrophilia Studies in Marmosets bv intramuscular injection 
The procedure of Example 8 was repeated, except that the active compound was 
• 1 ; - . : - " ' : ■ i I administered i.m. rather than s.c. Effects on neutrophil count were again seen. 
\ : i 15 \ ' 1 1 The time course of the neutrophil count post-dosing i.m. is shown for mutant #10 ■ : 
; f in Figure 12. 

EXAMPLE 10 - Mobilisation of earlv progenitor cells bv mutant #10 
-'/: * -A ■ Mice were injected s.c. with either 2.5/xg or 10/zg of the tetrameric SCI variant 1 

20 mutant #10. At times 0.5, 1, 2 and 24 hours after injection, groups of three mice 
were killed and their blood analysed for circulating leukocytes and CFU-S. 

Stem cell numbers were measured by injecting blood from test mice into lethally 
irradiated indicator mice. Stem cells that lodge in the spleen of the recipient mice 
25 multiply to give large mixed colonies of haematopoietic cells that form nodules 
which can be counted after 8-11 days. The number of stem cells in the peripheral 
blood of the donor mice can be inferred by working back from the number of 
CFU-S colonies, taking account any dilutions necessary to bring the CFU-s count 
within an interpretable range (3-30 colonies/spleen). 

30 

CFU-S counts were determined in recipient mice that had received lethal doses of 
7-irradiation (15.2 Gy ^Co at 0.84 Gy/h). Spleens were collected after 8 days, 
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preserved in formalin and the colonies were counted to give 8-day CFU-S counts. 
Appropriate volumes of blood were injected intravenously into 10 recipient mice. 
CFU-S counts are expressed as the mean number of CFU-S forming cells/ml of 
blood, ± standard error. Total leukocyte counts were determined in parallel using 
5 a haemocytometer. 

This experiment revealed the expected neutrophilia at 30 minutes after 
administration of mutant #10 at both doses studied. This decayed over 2 hours and 
leukocyte counts had returned to baseline by 24 hours. This pattern of leukocyte 
10 mobilisation was matched by an increase in peripheral CFU-S count from an 
expected value of 15-20/ml to 35-40/ml, 30 minutes after the administration of 
mutant #10. This also returned to baseline after 24 hours. The time course for 
peripheral CFU-S count is shown in Figure 13 

15 This experiment shows that mutant #10 is capable of mobilising early progenitors 
as well as mature leukocytes from the marrow. 

EXAMPLE 11 Effect nf co-administration of SCTs and G-CSF on mature 
haematopoietic cells 
20 Four dosing groups for each strain of mice were employed. 

1) PBS alone 

Mice were dosed with PBS 40/d s.c. between the scapulae. Blood samples were 
taken 30 minutes later by cardiac puncture from mice under terminal halothane 
anaesthesia. Blood samples were immediately anticoagulated with EDTA in 0.5ml 
25 sample cups. Differential white blood cell counts were performed on a Technicon 
HI blood cell counter with FDA approved software. 

2) Mutant#10 alone 

Mice were dosed with mutant#10 100^ig/kg s.c. in PBS (injection vol 40/xl) 
30 between the scapulae. Blood samples were taken 30 minutes later and analysed as 
described. 
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3) G-CSF and PBS 

Mice were dosed with G-CSF, 100/ig/kg s.c. diluted appropriately in PBS 
(injection vol. 40/d) b.i.d. at 0 and 7 hour on days 0 and 1. On day 2 mice 
received PBS 40^1 sx. and blood samples were taken 30 minutes later and 
5 analysed as described. 

4) G-CSF and mutant#10 

Mice were dosed with G-CSF, 100/zg/kg sx. diluted appropriately in PBS 
(injection vol. 40^1) b.i.d. at 0 and 7 hour on days 0 and 1. On day 2 mice 
10 received mutant#10 100/xg/kg sx. and blood samples were taken 30 minutes later 
and analysed as previously described. 

(a) Neutrophil count: The effects on neutrophil count are shown in Figure 14. 

■ In C57BL/6J mice mutant#10 alone caused a 2.6-fold increase in circulating i : 

15 ) neutrophil count compared to PBS alone, G-CSF and PBS caused no increase in \ 
neutrophil count compared to PBS alone. However, G-CSF and 
mutant#10 caused a 10.9-fold increase in neutrophil count compared to PBS alone. 
In BALB/c mice mutant#10 alone caused a 7.4-fold increase in circulating 
neutrophil count compared to PBS alone, G-CSF and PBS treatment caused a 16. 1- 
20 fold increase and G-CSF and mutant#10 caused a 39.5-fold increase in neutrophil 
count compared to PBS alone. 

(b) Lymphocyte count: The effects on lymphocyte count are shown in Figure 
15. 

25 In C57BL/6J mice neither mutant#10 alone or G-CSF and PBS treatment groups 
caused an increase in circulating lymphocyte count, however G-CSF and 
mutant#10 caused a 3.2-fold increase in circulating lymphocyte count compared to 
PBS alone. In BALB/c mice neither mutant#10 alone or G-CSF and PBS 
treatment groups caused any increase in circulating lymphocyte cont. However, 

30 G-CSF and mutant#10 treatment caused a 2-fold increase in circulating lymphocyte 
count compared to PBS alone. 
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(c) Monocyte count: The effects on monocyte count are shown in Figure 16. 
In C57BL/6J mice mutantflO alone caused a 2.3-fold increase in circulating 
monocyte count compared to PBS alone. G-CSF and PBS caused no increase, with 
G-CSF and mutantflO treatment causing a similar increase in monocyte count 
compared to mutant#10 alone. In BALB/c mice mutantflO alone caused a 2.9-fold 
increase in circulating monocyte count compared to PBS. G-CSF and PBS caused 
no increase, with G-CSF and mutant#10 causing a similar increase in monocyte 
count as mutant#10 alone. 

(d) Eosinophil count: The effects on eosinophil count are shown in Figure 17. 
In C57BL/6J mice mutant#10 alone caused a 6-fold increase in circulating 
eosinophil count compared to PBS alone. G-CSF and PBS caused no increase, 
with G-CSF and 

mutantflO treatment causing a 12.8-fold increase in circulating eosinophil count 
compared to PBS alone. In BALB/c mice mutant#10 alone caused a 2.9-fold 
increase in circulating eosinophil count compared to PBS alone. G-CSF and PBS 
caused no increase, with G-CSF and mutant*10 treatment causing a similar 
increase in count as 
mutant#10. 

(e) Basophil count: The effects on basophil count are shown in Figure 18. 
In C57BL/6J mice, neither mutantflO alone or G-CSF and PBS treatment caused 
any increase in circulating basophil count. However, G-CSF and mutantflO 
caused a 6.7-fold increase in circulating basophil count compared to PBS alone. 
In BALB/c mice mutant#10 alone caused no increase in basophil count, G-CSF and 
PBS caused a 2.9-fold increase and G-CSF and mutantfiO caused a 5.7-fold 
increase compared to PBS alone. 

EXAMPLE 12 Mobilisation of multipotent haemat o poietic p rnfTPn jtors rCFIT-mir) 
30 bv mutant 110 

Previous examples have demonstrated the ability of LD78 and Mutant #10 to 
mobilise mature haematopoietic cells and the early CFU-S to peripheral blood. 



20 



25 
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These experiments were performed to investigate the effects of Stem Cell 
Inhibitors (SCIs) on the more mature multipotent progenitors able to form colonies 
in semi-solid media. Groups of C57BL/6J mice (n=5/group) were dosed with 
PBS 40fil s.c. or mutant #10 lOO^g/kg s.c. in PBS (injection volume 40/xl) via the 
5 flank between the scapulae. Blood samples were taken 30 minutes later by cardiac 
puncture from mice under terminal halothane anaesthesia. Blood samples were 
immediately pooled and anticoagulated with heparin. At the same time the spleens 
were removed, disrupted in Iscoves media and pooled. Low density mononuclear 
cells from both blood and spleens were prepared over ficoll gradients. The 

10 number of haematopoietic progenitors in each sample was estimated by plating the 
low density mononuclear cells in methylcellulose containing appropriate nutrients 
and growth factors (commercially available from Stem Cell Technologies, 
Vancouver, Canada). The plates were incubated at 37°C in 5% 0 2 , 5% C0 2 for 
• ; s 7 days and the colonies were scored using a low magnification microscope. The 

15 / number of progenitors mobilised into the peripheral blood is presented in colony 
forming units (CFU) per ml (Figure 19). The number of CFU mobilised to the 
spleen is presented as CFU/spleen (Figure 20). In C57BL/6J mice Mutant #10 
' mobilised progenitors causing a 5.4 fold increase in peripheral blood progenitors 
and a 7.7 fold increase in spleen progenitors which were able to form colonies in 

20 methylcellulose media (CFU-mix). 

The progenitors detected by this assay are more mature and distinct from those 
described as CFU-S in Example 10. Clinically, these types of progenitors may 
reduce the need for blood transfusions after transplantation. 

25 

EXAMPLE 13 Effect of sequential use of G-CSF and SCIs on multi-potent 
haematopoietic progenitors 

Several colony stimulating factors such as EPO, G-CSF and GM-CSF are currently 
used in the clinic to improve the rate of haematological recovery after damage. 
30 To begin a study into the interaction of SCIs with other cytokines we investigated 
the ability of SCIs to augment the effects of G-CSF after 2, 3 or 4 days of G-CSF 
treatment. Groups of C57BL/6J mice (n=5/group) were dosed with G-CSF 



BNSDOCID: <WO 942891 6A1 J_> 



WO 94/28916 



PCT/GB94/01284 



32 

100/xg/kg s.c. diluted appropriately in PBS (injection volume 40jd) b.i.d. at 0 and 
7 hours on days 0 and 1; 0, 1 and 2, or 0, 1, 2 and 3 as appropriate. On the day 
after the last G-CSF treatment (days +2, 3 and 4) groups received PBS 40^1 s.c. 
or Mutant #10, 100/ig/kg s.c. Blood and spleens were removed 30 minutes later 
5 and the spleens were disrupted. Low density mononuclear cells from blood and 
spleens were purified over ficoll gradients. The multipotent haematopoietic 
progenitors were enumerated using methylcellulose assays as described in Example 
12. The effect of Mutant #10 on G-CSF primed mobilisation of multi-potent 
progenitors to peripheral blood is shown in Figure 21 and to the spleen in Figure 
10 22. Mutant #10 improves the yield of peripheral blood progenitors after 2 or 3 
days of G-CSF priming with 22 fold and 2.4 fold increases over the G-CSF 
treatment alone. Mutant #10 also enhances 2.4 fold the mobilisation of progenitors 
to the spleen on day +4 (after 3 days G-CSF priming). 

15 These results are very significant and suggest that a two-fold improvement over the 
currendy used G-CSF treatments may be achievable. That translates to a reduction 
in the number of treatments in hospitals to collect progenitors and/or a greater 
success rate of transplantation. Synergy with other colony stimulating factors, 
such as GM-CSF, IL3, SCF, may be expected. 

20 

EXAMPLE 14 The effect of Mutant #10 on the mobilisation of progenitors from 
cyclophosphamide and G-CSF-primed mice 

Clinically a sub-ablative chemotherapy dose is often used to prepare donor marrow 
prior to cytokine mobilisation as it make the marrow more responsive to colony 

25 stimulating factors. In a murine model of such a progenitor mobilisation protocol 
C57BL/6J mice were dosed with cyclophosphamide 200mg/kg i.p. day 0 and G- 
CSF 100/zg/kg b.i.d s.c. for 3 days. On day 4 the mice received Mutant #10 
100/ig/kg s.c. or PBS (injection volume 40 /xl) and 30 minutes later blood and 
spleens were sampled. The low density mononuclear cells from both tissues were 

30 prepared by ficoll gradients and plated in methylcellulose as described in Example 
12. There was a modest increase in the number of peripheral blood progenitors 
after Mutant #10 treatment compared to control (Figure 23) . There was substantial 
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(2.7 fold) improvement in progenitors mobilised to the spleen after 
cyclophosphamide and G-CSF treatment (Figure 24). 

In conclusion, this example shows that Mutant #10 improves mobilisation in a 
5 clinically relevant setting using cyclophosphamide and G-CSF priming. 

EXAMPLE 15 The effect of sequential use of G-CSF and Mutant #10 on the 
mobilisation of Colony Forming Unit Spleen (CFU-S^ 

Example 13 showed that significantly more multi-potent progenitors were 

10 mobilised by the sequential use of G-CSF and Mutant #10 compared to the use of 
either alone. This example extends this observation to demonstrate that the 
sequential cytokine regime also enhanced the mobilisation of CFU-S to peripheral 
blood compared to the use of either agent alone. Groups of BALB/c mice were 
injected with PBS or G-CSF 100/ig/kg s.c. at 0 and 7 hours on day 0 and + 1 . On 

15 day 2 groups received Mutant #10 lOO^g/kg s.c. or PBS and 30 minutes later 
peripheral blood was harvested. The dosing strategy produced four treatment 
groups. PBS controls, Mutant #10 alone, G-CSF priming followed by PBS and 
G-CSF priming + Mutant #10. The number of CFU-S/ml of peripheral blood was 
estimated using the CFU-S assay as described in example 10. Groups of donor 

20 mice were sacrificed on day 8 and 12 after transplantation to yield CFtl-S^ 
(Figure 25) and CFU-S D12 (Figure 26) results respectively. Mutant #10 induced 
a 4.2 fold increase in CFU-S D8 and a 1.7 fold increase in CFU-S D12 compared to 
PBS control. The 2 days of G-CSF priming caused a 67 fold and 19.6 fold 
increase in CFU-S D8 and CFU-S D12 respectively. The 30 minute treatment with 

25 Mutant #10 enhanced G-CSF mobilisation from 67 to 93 fold and from 19.6 to 
98.5 fold of CFU-S D8 and CFU-S D12 respectively. 

These results expand those of Example 10 to include the combined use of Mutant 
#10 and G-CSF. These early progenitors are the type which are important for 
30 successful transplantation. 
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EXAMPLE 16 Examination of the repopulating ability of the peripheral blood 
mobilised CFU-S 

The CFU-S assay as described in Example 10 measures the number of early 
progenitors present in a sample but it does not provide an estimate of the ability 
5 of the progenitors to provide long-term engraftment if they were used in a 
transplantation experiment. An additional step to the assay provides such an 
estimate and is called Multiple Repopulation Assay or MRA. 

Peripheral blood obtained from each of the four groups of Example 15, control, 
10 Mutant #10, G-CSF and G-CSF + Mutant #10 were injected into lethally 
irradiated recipients as described in Example 15. Thirteen days later the animals 
were sacrificed and the femurs were harvested. Suspensions of marrow cells were 
prepared and fractions of the suspensions were injected into a irradiated recipients. 
Twelve days later the CFU-S D12 were counted as described in Example 15. The ; , 
15 MRA assay measures the ability of donor stem cells which repopulate the primary : 
recipient to form CFU-S^ colonies in the secondary recipient. The results are 
presented as CFU-Sdl2/femur/ml blood (Figure 27). Compared to control groups, 
Mutant #10 alone causes a 1.6 fold increase, G-CSF causes a 36.8 fold increase 
and G-CSF plus Mutant #10 causes a 99.3 fold increase in the mobilisation of the 
20 very early progenitors assessed in the MRA assay. 

In summary, this assay gives an idea of how good at transplantation the cells 
would be. Mutant #10 improves G-CSF treatment considerably. 

25 EXAMPLE 17 Mobilisation of multi-potent progenitors bv variants of LD78 

The ability of 7 variants of LD78 to enhance the mobilisation of progenitors after 
2 days of G-CSF priming was investigated. Alternative wild-type LD78 variants 
such as mutant #35 and essentially inactive variants such as mutant #26 were 
included. Groups of C57BL/6J mice (3 mice per group) were dosed with G-CSF 

30 100/xg/kg b.i.d. at 0 and 7 hours on days 0 and 1. On day 2 each group was 
dosed with a variant of LD78 at 100/xg/kg s.c. or PBS ( in an injection volume of 
40jil). Peripheral blood and spleens were harvested 30 minutes later and the 
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number of colony forming units estimated using the methylcellulose assay 
described in Example 12. 

Several of the variants mobilised better than control PBS (Figure 28). The 
5 alternative wild-type variant 35 and mutants 10 and 83 performed equally well. 
Mutant #2 was also able to mobilise CFU-mix to the spleen. 

Example 18 Effect of sequential use of O-C SF and SCIs on the mobilisation nf 
very early multipotent proge nitors expressing Seal* hut not Lin+ cell sin-face 
10 markers 

The earliest haematopoietic stem cells are not highly proliferative and they respond 
poorly to CFU-S or CFU-mix types of assays. They are most accurately 
enumerated using fluorescence activated cell scoring (FACS). These early stem 
cells display a specific antigen: stem cell antigen (Sea 1). Due to their immaturity 
15 ; i they do not display any differentiation associated antigens and are described as 
Lineage negative (Lin-). The mobilisation of these early progenitors to the 
peripheral blood during sequential G-CSF and Mutant #10 adininistration has been 
investigated. C57BL/6J mice received 100/ig/kg G-CSF b.i.d. s.c. or a PBS 
control for 2 days followed by 100fig/kg Mutant #10 or a PBS control on the third 

20 day. Peripheral blood was harvested 30 minutes later by cardiac puncture. Blood 
from 3 animals per group was pooled and labelled with a panel of lineage specific 
antibodies couples to fluorescein (CD4, CD8, B220, Gr-1 and Mac-1) and a 
phycoerythrin conjugated antibody to Sca-1. Samples were then fixed, lysed and 
resuspended in PBS ready for flow cytometric analysis on a Becton Dickenson 

25 FACSan. Electronic gates were set to accept low density cells that expressed Sca- 
1 antigen (Sca+) but no lineage markers (Lin-). The number of cells displaying 
the phenotype Lin-, Sca+ was determined for each pooled group and the data 
plotted. The results (Figure 29) show an increase in peripheral blood progenitors 
cells following treatment with G-CSF or Mutant #10 alone and a synergistic effect 

30 when the two are used in combination. 
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The cells used in this example represent a very early murine progenitor population 
which are capable of long term marrow repopulation following transplantation. 

EXAMPLE 19 The effect of Mutant #10 on the mobilisation of very eariv 
progenitors from cycl ophosphamide and G-CSF primed mice 
To expand the experiment of Example 14, portions of peripheral blood from this 
experiment were analysed by FACS using the methods of example 18 to enumerate 
the mobilisation of Seal + Lin- progenitors. The results (Figure 30) are for a pool 
of animals per group and demonstrate that mutant #10 in combination with G-CSF 
has a significant effect, a 4.7 fold increase, on stem cell mobilisation over G-CSF 
treatment alone. This study extends the previous results on mature and multipotent 
progenitors to demonstrate mobilisation of the most primitive progenitors. 

In this Example, G-CSF is administered in a clinical environment following 
treatment with a cytotoxic drug such as cyclophosphamide in order to mobilise 
progenitor cells for transplantation. This murine model of mobilisation suggests 
Mutant #10 greatly enhances the effects of G-CSF. 

Example 20 Mobilisation of mature leukocytes bv variants of LD78 
Male C57BL/6J mice (n=5/group) were pre-dosed for 2 days with G-CSF 
(Amgen, Neupogen") 100fig/kg s.c. B.I.D. (0 and 7hr). 14 hours following the 
last G-CSF dose, mice received LD78 variants, lOOpg/kg s.c, or PBS lOO^il s.c. 
For sampling, mice were terminally anaesthetised with halothane and blood was 
withdrawn by cardiac puncture. Blood samples (0.5ml) were immediately 
anticoagulated with EDTA in coated sample cups (Teklab UK). Differential white 
blood cell counts were performed on a Technicon HH" with FDA approved 
software. 

Figures 31 , 32, 33, 34 and 35 Show the effects of various variants of LD78 on the 
neutrophil, lymphocyte, monocyte, eosinophil and basophil count following 2 days 
pre-dosing with G-CSF, 100/xg/kg s.c. B.I.D. 
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(Mutant #2 = Lys 44 > Glu, Arg 45 > Gin 
Mutant # 26 = Phe 28 > Glu, Arg 47 > Glu 
Mutant # 35 - Leu-Ser-Ala-Ser 1 > Pro, Gly 38 > Ser 
and Ser 46 > Gly 
5 Mutant # 47 = Glu 56 > Ser 
Mutant # 52 = Glu 66 > Ser 
Mutant # 83 = Phe 23 > Ala) 

The data show an order of potency with Mutant #10 being equipotent with mutant 
10 #35 , mutant #47 , mutant #52 and mutant #83 and more potent than mutant #2 with 
mutant #26 being inactive at producing any mobilisation of mature white blood 
cells in this assay system. 

EXAMPLE 21 Mobilisation of matur e leukocytes by sequential arfminiCTrflrinn nf / 
15 G-CSF and Mutant #10 

Male C57BL/6J mice (n=5/group) were pre-dosed with either; G-CSF (Amgen, 
Neupogen™) 100/xg/kg s.c. B.I.D. (0 and 7hr) or PBS lOOiil s.c. B.I.D. (0 and 
7hr), for 2, 3 or 4 days. 14 hours following the last G-CSF dose, mice received 
Mutant #10, lOOjig/kg s.c, or PBS lOOjds.c. Blood samples were taken 30min ■ 
20 later. For sampling mice were terminally anaesthetised with halothane and blood 
was withdrawn by cardiac puncture. Blood samples (0.5ml) were immediately 
anticoagulated with EDTA in coated sample cups (Teklab UK). Differential white 
blood cell counts were performed on a Technicon H*r with FDA approved 
software. 

25 

Figures 36, 37, 38, 39 and 40 Show the effects of mutant #10 on the neutrophil, 
lymphocyte, monocyte, eosinophil and basophil count following 2, 3 and 4 days 
pre-dosing with G-CSF, 100/xg/kg s.c. B.I.D. 

30 From Figures 36, 37 and 40 (neutrophil, lymphocyte and basophil counts), it can 
be seen that Mutant #10 alone produces an increase only in neutrophil counts. 
However, Mutant #10 following 2, 3 or 4 days of G-CSF produces a synergistic 
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release of all these mature cells. G-CSF alone produces increases in circulating 
counts increasing as the number of days of treatment increases. The data in 
Figures 38 and 39 show, for monocyte and eosinophil counts, that G-CSF alone 
has no effect on the number of circulating cells; mutant #10 alone causes a release 
5 of these cells and the release is not altered by G-CSF pre-treatment. 

EXAMPLE 22 The effect of rhMIP-lfi on neutrophil count in the RAT R/r mnnw 
(A Comparative Example) 

Male BALB/c mice were dosed with rhMIP-l/J, 100^g/kg s.c. t control mice 
0 received PBS/BAA vehicle control. 30 minutes later blood samples were taken 
from mice terminally anaesthetised with halothane. Blood samples were 
immediately anticoagulated with EDTA in coated sample cups (Teklab UK). 
Neutrophil counts were performed on a TechniconH*1 w with FDA approved 
software. 

5 

Figure 41 shows the effect of rhMIP-1/3 on neutrophil count in the BALB/c mouse. 
rhMDP-ljS, 100/xg/kg s.c. , has no effect on circulating neutrophil counts 30 minutes 
post dosing. 

0 It should be noted that, in the hands of the inventors, MIP-1(3 is not a stem cell 
inhibitor. Therefore, this example demonstrates that a molecule which is not a 
stem cell inhibitor fails to promote neutrophil release. To put it another way, 
neutrophil appearance may be used as a basis for distinguishing between MlP-la, 
which is a stem cell inhibitor, and MIP-10, which is not. 
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CLAIMS 

1 . The use of a stem cell inhibitor in the preparation of an agent for promoting 
release and mobilisation of haematopoietic cells. 

5 

2. The use as claimed in claim 1, wherein the haematopoietic cells are white 
blood cells. 

3. The use as claimed in claim 1, wherein the haematopoietic cells are 
10 neutrophils. 

4. The use as claimed in claim 1, wherein the haematopoietic cells are 
progenitor cells. 

m . 15 ! ; ; 5. The use as claimed in claim 1, wherein the haematopoietic cells are stem \ 
((!'■■■ » 1 cells. 



20 



6. The use of a stem cell inhibitor in the preparation of an agent for 
preventing or treating leukopaenia. 

7. The use of a stem cell inhibitor in the preparation of an agent for 
preventing or treating congenital neutropaenia. 



8. The use of a stem cell inhibitor in the preparation of an agent for 
25 preventing or treating childhood or adult cyclic neutropaenia. 

9. The use of a stem cell inhibitor in the preparation of an agent for 
preventing or treating post-infective neutropaenia. 

30 10. The use of a stem cell inhibitor in the preparation of an agent for 
preventing or treating myelo-dysplastic syndrome. 
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11. The use of a stem cell inhibitor in the preparation of an agent for 
preventing or treating neutropaenia associated with chemotherapy. 

12. The use of a stem cell inhibitor in the preparation of an agent for treating 
5 acute or chronic microbial, fungal or parasitic infection. 

13. The use of a stem cell inhibitor in the preparation of an agent for 
preventing or treating neutropaenia associated with chemotherapy. 

10 14. The use of a stem cell inhibitor in the preparation of an agent for promoting 
release and mobilisation of stem cells prior to harvesting for autologous or 
heterologous transplantation. 

15. The use as claimed in claim 14, wherein harvested cells are administered 
15 to a patient after the patient has undergone cytotoxic chemo- or radio-therapy. 

16. The use as claimed in claim 14, wherein harvested cells are administered 
to a patient after genetic manipulation of at least some of the cells. 

20 17. The use as claimed in any one of claims 1 to 14, wherein the stem cell 
inhibitor is wild-type LD78 (or huMIP-la) or a variant thereof. 

18. The use as claimed in claim 17, wherein the stem cell inhibitor is a LD78 
variant containing an amino acid substitution at one or more of the aspartic acid 

25 or glutamic acid side-chains. 

19. The use as claimed in claim 17 or 18, wherein the stem cell inhibitor is 
LD78(Asp26 > Ala), LD78(Glu56 > Ser), LD78(Phel2 > Gln),LD78(Argl7 > Ser), 
LD78(Glu66 > Ser), LD78(Asp26 > Ser), LD78(Phe23 > Ala) or 

30 LD78(Lys44 > Glu, Arg45 > Glu). 
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20. A product comprising a stem cell inhibitor and a colony-stimulating factor 
for separate, simultaneous or sequential administration for; 

promoting release and mobilisation of haematopoietic cells; 
preventing or treating leukopaenia, 
5 preventing or treating congenital neutropaenia; 

preventing or treating childhood or adult cyclic neutropaenia; 
preventing or treating post-infective neutropaenia; 
preventing or treating myelo-dysplastic syndrome; 
preventing or treating neutropaenia associated with chemotherapy; 
10 treating acute or chronic microbial, fungal or parasitic infection; or 

promoting release and mobilisation of stem cells prior to harvesting from 
a patient. 

21. A method of promoting release and mobilisation of haematopoietic cells in i 
15 a human or nonThuman animal, the method comprising administering to the animal 

an effective dose of a stem cell inhibitor. 

22. A method as claimed in claim 21, the method further comprising 
administration of a colony-stimulating factor. 

20 

23. A method as claimed in claim 22, wherein the colony stimulating factor is 
G-CSF or GM-CSF. 

24. A prophylactic or immunotherapeutic vaccine formulation having stem cell 
25 inhibition activity and immunogenic activity. 

25. A product comprising a stem cell inhibitor and an immunogen for separate, 
simultaneous or sequential administration in immunotherapy or prophylaxis, 

30 26. A formulation or product as claimed in claim 24 or 25, wherein the 
immunogen corresponds to a sequence derived from or associated with an 
aetiological agent or a tumour. 
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27. A formulation or product as claimed in claim 26, wherein the aetiological 
agent is a virus. 

28. A formulation or product as claimed in claim 27, wherein the virus is HIV- 
5 1. 

29. A formulation as claimed in claim 28, wherein the immunogen corresponds 
to an epitope from HIV-1 gpl20. 

0 30. A method of detecting or assaying in vivo activity of a stem cell inhibitor 
molecule, the method comprising administering the molecule to an experimental 
animal and observing a haematopoietic response. 
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FIG. 3 




-A -3 -2 -1 0 1 2 3 4 5 6 7 8 • 9 



Day 

Control (n=/»-5) 
PBS (n=4-5) 
LD78 (n=/,-5) 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 942891 6A1J_> 



WO 94/28916 



PCT/GB94/01284 



4/38 

FIG. 4 



8 



6 



CD 

S 4 



o 



2 2 

CD 



T 



0 



10 

Dose (ug/kg) 



100 



TO 



LD78 (n=4-5) 
Mutant # 10 (n=3-5) 
Mutant ^26 (n=3-5) 



SUBSTITUTE SHEET (RULE 26) 

BNSDOC1D: <WO 942691 6A1_I_> 



WO 94/28916 



PCT/GB94/01284 



5/38 



FIG. 5 




20 40 60 80 100 120 140 160 180 



Time post dosing (min) 



PBS (n=4-5) 
LD78 lpg/kg (n=5) 
LD78 10}ig/kg (n=4-5) 
LD78 lOOjig/kg (n=4-5) 



BNSDOCID: <WO 942891 6A1 J„> 



SUBSTITUTE SHEET (RULE 26) 



WO 94/28916 



PCT/GB94/01284 



6/38 



FIG. 6 



It- 




100 120 140 160 180 



Time post dosing (min) 




PBS (n=4-5) 
Mu#10 lpg/kg (n=5) 
Mu#10 lOjag/kg (n=4-5) 
Mu#10 30pg/kg (n=4-5) 



SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO 9428916A1 J_> 



WO 94/28916 



PCT/GB94/01284 



7/38 



FIG. 7 




20 40 60 80 100 120 140 160 180 

Time post dosing (min) 



PBS (n=4-5) 
LD78 0.1pg/kg (n=l-5) 
LD78 ljig/kg (n=4-5) 
LD78 lOpg/kg (n=4-5) 
LD78 lOOpg/kg (n=4-5) 




■V — 



BNSDOCfD: <WO 94289 16A1 J_> 



SUBSTITUTE SHEET {RUIE 26) 



WO 94/28916 



PCT/GB94/01284 



8/38 



FIG. 8 




-U 




0 20 40 60 80 100 120 140 160 180 



Time post dosing (min) 



• PBS (n=4-5) 

□ Mu#10 O.ljig/kg (n=4-5) 

A Mu#10 1.0;ig/kg (n=4-5) 

O Mu#10 lOjag/kg (n=4-5) 

V Mu#10 100jig/kg (n=4-5) 



BNSDOCID: <WO 9426916A1_L> 



SUBSTITUTE SHEET (RULE 26) 



WO 94/28916 



PCT/GB94/01284 



7" 

i-H 
O 

Zl 5" 
4- 
3- 



4J 

o 
u 



9/38 



F/a 9. 




20 40 60 80 100 120 140 160 180 

Time post dosing (min) 
PBS (n=4-5) 

Mu#26 O.lpg/kg (n=4-5) 
Mu#26 lpg/kg (n=4-5) 
Mu#26 10^ig/kg (n=4-5) 
Mu#26 100^g/kg (n=4-5) 



LD78 



380: 
350 



300 
250- 
200- 



FIGJOa m- 



M - 


LB21.T0 




h 






f 


371 










— i — l 1 — i — i — r 









0.0 



20 60 

AO 80 120 160 200 2io 280 320 WkbS 
SEC 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 942891 6A1_!_> 



WO 94/28916 



PCT/GB94/01284 



10/38 



FIG. 10b. 



MUTANT # 10 



380 



250 



200 



140- 



M 


LB23.TD 

















20 I 60 100 1 140 180 220 1 260 1 300 1 340 1 380 1 420 
0.0 40 80 120 160 200 240 280 320 360 400 

SEC 



FIG. 10 c. 



MUTANT # 26 



370 
350- 

300- 

250- 

200- 



140- 



LB24 TO 



0.0 



i I i 
20 I 60 
40 80 



100 140 



180 1 220 



260 1 300 | 3^0 



360 



120 160 200 240 280 320 360 
SEC 



420 



400 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCIO: <WO 942891 6A1_I_> 



WO 94/28916 



PCT/GB94/01284 



11/38 

FIG. 11 




Pre 60 120 180 240 300 360 

Time post dosing (min) 



• Neutrophil count (n=4) 

□ Plasma conc'n (n=4) 



SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO 9426916A1 



WO 94/28916 



PCT/GB94/01284 



12/38 

FIG. 12 



TlOO.O 




C-H 1 1 1 1 1 |- 0>n 

pre 60 120 180 240 300 350 

Time post dosing 

• Neutrophil count (n=4) 

□ Plasma conc'n (n=4) 



BNSDOCID: <WO 942B916A1 _1_> 



SUBSTITUTE SHEET (RULE 26} 



WO 94/28916 



PCT/GB94/01284 



13/38 



FIG. 13 a 




10- 

2 5jjg Mutant#10 5 j 

«— 15jjg Mutant#10 n : _ 

0 5 10 15 20 25 
Time(hr) 



FIG. 13b 



• — 2 5jjg Mutant#10 




15jjg Mutant#10 if n : 

(J I 1 1 1 1 I 1 1 ' i I i i i i I i i i i [ i iii 

0 5 10 15 20 25 
Time(hr) 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 942891 6A!_I_> 



WO 94/28916 



PCT/GB94/01284 



14/38 

FIG U 



25 T 



20- 




C57BL/6J BALB/c 
Mouse strain 



I I PBS alone (n=4-5) 
Y/ //A Mutant #10 alone (n =5) 

G-CSF& PBS(n=W) 
ESSl G-CSF& mutants 10 (n=3-5) 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 942691 6A1„L> 



WO 94/28916 



PCT/GB94/01284 



15/38 

FIG 75 




[ 



C57BL/6J 

Mouse strain 

PBS alone (n=/»-5) 



BALB/c 



Y////A Mutant #10 alone (n-5) 
G-CSF&PBS (n = 4-5) 
G-CSF& mutant^lO (n=3-5) 



8NS0OCID: <WO 942891 6A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 94/28916 



PCT/GB94/01284 



16/38 

FIG. 16 



cn 
cu 



~ 0-6- 



o 
o 



z o-t+ 



o 




C57BL/6J 

Mouse strain 



BALB/c 



] PBS alone (n=4-5) 



'////A Mutant #10 alone (n= 5) 
SSS) G-CSF&PBS (n=4-5) 

6-CSF& mutant #10 (n=3-5) 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 94289 16A1_I_> 



WO 94/28916 



PCT/GB94/01284 



17/38 
FIG. 17 



It 



0-B- 




C57BL/6J BALB/c 
Mouse strain 



1 PBS alone (n=4-5) 

Mutant #10alone (n=5) 
G-CSF& PBS (n=4-5) 
G-CSF& mutant #10 (n=3 -5) 



SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 942891 6A1_I„> 



WO 94/28916 



PCT/GB94/01284 



18/38 
FIG. 18 



0-15t 



CD 
CD 



O 
O 



o 

CO 
GO 




C 



C578L/6J 

Mouse strain 

] PBSalone(n=4-5] 



BALB/c 



22Z4 Mutant #10 alone (n = 5) 
ES53 G-CSF& PBS (n=4-5) 

G-CSF& mutants 10 (n=3- 5) 



BNSDOCID: <WO 942891 6A1_L> 



SUBSTITUTE SHEET (RULE 26) 



WO 94/28916 



PCT/GB94/01284 



19/38 

FIG 19 



CFU/ml Blood 



1 80 -, 
160- 



CX3 PBS 
ZZJ Mutant 10 




FIG. 20 



CFU/Spleen 
600- 




1 



SUBSTITUTE SHEET (RUtE 26) 

BNSDOCIO: <WO 942B916A1_I_> 



WO 94/28916 



PCT/GB94W1284 



20/38 

FIG. 21 



CFU/ml Blood 
6000 -j 

5000- 

4000- 

3000 - 

2000 - 

1000 - 

0 



ft 




EX] G-CSF 

EZ3 G-CSF+Mutant10 




21 




Day 2 



Day 3 



Day 4 



FIG. 22 



CFU/Spleen 

1000000 -i 
900000 - 
800000 -I 
700000 - 
600000 - 
500000 - 
400000 - 
300000 - 
200000 - 
100000 - 
0-- 



G-CSF 

EZ] G-CSF+MutantIO 




Day 2 Day 3 Day 4 

SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 94289 16A1J_> 



WO 94/28916 



PCT/GB94/01284 



21/38 

FIG. 23 



CFU/ml Blood EV1 Cyclophosphamide + G-CSF 

1 4000 -I x / X Cyclophosphamide + G-CSF + Mutant 1 0 




FIG. 2£ 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 94289 16A1 _!_> 



WO 94/28916 



PCT/GB94/01284 



22/38 

FIG 25 



CFU-Sd6 400 
colonies/ml 350 
blood 



I Control 



EZ3 Mutant 10 
EX3G-CSF 

CZ3G-CSF + Mutant 10 




FIG 26 



CFU-Sd12 

colonies/ml 

blood 



I Control 



GO Mutant 10 
C3Z3G-CSF 

[ZZIG-CSF + Mutant 10 




SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 94289 16A1_L> 



WO 94/28916 PCT/GB94/01284 



23/38 

FIG. 27 



1 Control 



MRA 8000 

CFU-Sd12/ 7000 
femur/ml 6000 

5000 A 
4000 
3000 - 
2000 - 



7~7~X Mutant 10 
EX3G-CSF 
(Z2 G-CSF + Mutant 10 1 000 " 




FIG. 28 



CFU/Spleen 
60000 

50000 

40000 

30000 

20000 - 

1 0000 - 

0 



I, 



J 



PBS 



10 26 35 47 52 83 
Variants 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 942891 6A1_I_> 



WO 94/28916 



PCT/GB94/01284 



24/38 



FIG. 29 



200000 -i 



150000 - 



o 
o 



100000 

CO 

a 
+ 

O 
CO 



50000 - 




0 






o 
u 



c 
re 



CO 

(J 
i 



CO 

u 

+ 
o 



c 

CO 
4-* 
=3 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 942891 6A1 J > 



WO 94/28916 



PCT/GB94/01284 



25/38 

FIG. 30 




BNSDOCIO: <WO 942891 6A1 J. 



SUBSTITUTE SHEET (RULE 26) 



WO 94/28916 



PCT/GB94/01284 



26/38 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 94289 16A1 J_> 



WO 94/28916 



PCT/GB94/01284 



27/38 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 942891 6A1 J_> 



WO 94/28916 



PCT/GB94/01284 



28/38 




BNSDOCID: <WO 942691 6A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 94/28916 



PCT/GB94/01284 



29/38 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCtD: <WO 9428916A1 J_> 



WO 94/28916 



PCT/GB94/01284 



30/38 




BNSDOCID: <WO 9428916A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 94/28916 



PCT/GB94/01284 



31/38 

FIG 36 



25 t 



20- 



<S 15 

CD 
X 



o 



z 10- 



ZD 
O) 



0 




5- 



2 3 
Days of 6-CSF 

ZD PBS * PBSM-5)' 
%M PBS ♦ Mutant # 10 (n= 5) 
G-CSF + PBS (n=5) 



\WN G-CSF ♦ Mutant 4 10 (n=5) 



SUBSTITUTE SHEET (RULE 26) 



BNSOOCID: <WO 9428916A1 l_> 



WO 94/28916 



PCT/GB94/01284 



32/38 

FIG. 37 



12 



10 



- 8 



CD 
CD 
CD 



~ 6 



o 

u 

o M 



E 



2- 



0 



H 



i 




2 3 
Oays of G-CSF 

ZD PBS* P8S (n=5) 

PBS + Mutant # 10 (n=5) 
G-CSF + PBS (n=5) 



4 



t\\\N G-CSF + Mutant # 10 (n=5) 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9428916A1 J_> 



WO 94/28916 



PCT/GB94/01284 



33/38 

FIG. 38 



0-8 



0-6-- 



an 

CD 



x 



o 
o 

<3J 



O 

o 



0-2-- 



00 



P 



11 



■ 



2 3 4 

Days of G-CSF 

!□ PBS ♦ PBS(n=5) 

PBS + Mutant # 10 (n= 5) 



Tmrmrn g-csf + pbs (n=5) 



G-CSF* Mutant # 10 (n=5) 



BNSDOCIO: <WO 9428916A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 94/28916 



PCT/GB94/01284 



34/38 

FIG. 39 



O-Bt 



r u- 



o 
o 



"0-2-- 



CO 

O 



00 



■ 



2 

Oays of 

PBS + 

PBS * 
1 G-CSF 



3 

G-CSF 



4 



^\X^] G-CSF 



PBS(n=W) 

Mutant # 10 (n= 5) 

♦ PBS (n=5J 

♦ Mutant # 10 (n=5) 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 94289 16A1J_> 



c 



WO 94/28916 



PCT/GB94/01284 



35/38 

FIG. 40 



0 25 



0-20— 



<£ 0-15+ 



o 



a 0 10 - 



o 
cn 

CO 



005 



000 



Ml 



IS 



2 3 4 

Days of G-CSF 

ZD PBS + PBS(n=5) 

PBS + Mutant # 10 (n= 5) 
0-CSF + PBS (n=5) 



C\\\N G-CSF* Mutant # 10 (n=5) 



SUBSTITUTE SHEET (RULE 26) 



BNSDOC1D: <WO 9428916A1 J_> 



WO 94/28916 



PCT/GB94/01284 



36/38 



FIG. 41 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 9428916A1 _l_> 



WO 94/28916 



PCT7GB94/01284 



GO 



60 



50 



CO 

co 

LU 

55 30- 



20- 



10- 



0 



37/38 

FIG. 42 




10 

E : T RATIO 



100 



□ 20 jjg flu NP-VLP* 2-5 pg SCP 

°- — 20 iig flu NP-VLP+ 0-25 jjg SCP 

20 jug flu NP-VLP+ 0-025 jjg SCP 

• 20jjg flu NP-VLP 



SUBSTITUTE SHEET (RULE 26] 

BNSDOCID: <WO 942891 6A1J_> 



PCT/GB94/01284 



38/38 



FIG. 43 




I 

0 10 20 30 40 50 60 
E:T RATIO 

lug malaria- VLP plus: 

□ 0 25 jjg SCP 

— 0025pg SCP 

ho 0 0025ijg SCP 

■ No SCP 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



fnt ; onal Application No 

PCT/GB 94/01284 



A. CLASSIFICATION OF SUBJECT MATTER 

A 61 K 37/02, C 07 K 15/00, A 61 K 49/00 

According to International Patent Classification (IPC) or to both national classification and IPC 5 



n. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
A 61 K,C 07 K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the intemaaoruU search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Ciuoon of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO, Al. 91/04 274 

(GENETICS INSTITUTE INC.) 
04 April 1991 (04.04.91), 
claims 1-5,9. 

WO, Al, 89/rO 133 

(PRAGNELL) 02 November 1989 
(02.11.89) , 
claims 1,3,6,9. 



1, 11, 
13-15, 
17-19, 
20 

1,11, 
13-15, 
20, 24, 
25 



| | Further documents are listed in ihe continuation of box C. 



□ 



Patent family members are listed in annex. 



* Special categories of cued documents : 

*A* document defining the general state of the art which is not 
considered to be of particular relevance 

E carder document but published on or after the international 
filing date 

*L" document which may throw doubts on pnoniy claim(s) or 
which is a ted to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

document published pnor to the intemauonal filing date but 
later than the priority date claimed 



*T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taiten atone 

*Y" document of particular relevance; the daimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
m the art. 

document member of the same patent family 



Date of the actual compleuon of the tntcrnauonal search 

13 September 1994 



Dafc of mailing of the international search report 



13. n 



Name and mailing address of the ISA 

European Patent Office, P.U. 5818 Patentlaan 2 
SL - 2280 HV Rjuwijk 
Tel. ( + 31-70) 34O-2Q40, Tx. 31 651 cpo nl. 
Fax(^ 31-70) 3*00016 



Authorized officer 



BOHM e.h. 



Form PCT ISA/HQ (tecond iheei) (July 1992) 



BNSDOCID: <WO 94289 16A1_L> 



This international search report ha. not been established in respect of certain claims under Article IT^M for the following reason* 



INTERNATIONAL SEARCH REPORT 

Box 1 Observation* where certain d 



PCT/GB 94/01284 

aim* were found unsearchable (Continuation of item 1 of first sheet) 



tntcn nai application No. 



XJ Claims Nos.: 21-23,30 

because they relate to subject matur not required to be searched by this Authority, namely: 

Remark, Although claims 21-23,30 an. directed to a method of treatment 

1. | I Claims Nos.: 

. -^r m ^?^ - ^ requirement, to cue, 



1 I Claims Not: 

beeuise they axe dependent dsims wd ire not drifted in iccordsnce with the second ind third sentence* of Rule 6A(x). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This tntemanorul Searching Authority found multiple inventions in this internitionil spplicuion, u follows: 



^ «Lllble J cwf <liUOnil relfeh fWS ™° **** Plid by intemitlooH sesrch report covers ill 



2 ' ^ of «y todUtonS ^ * "" ehe * * ith ° Ut eff ° rt iUJtifyin8 « >a<Iitionl1 fee - ««■ Authority did 



not invite payment 



3 - D ^T*o1 e ^ 



4 - No required idditionsJ search fees were timely pud by the srralieant. Conseauenriv mi. , 

restricted to the invention dm mentioned in thed Jr. it tSESSd fi S Nos'- mtema,10nlJ wveh rt P ort u 



Remark oo Protest 



I I The «* d ^onal search fees were accompanied by the applicant's protest. 
I | No Drot " c ^mpanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (I)) (July 1997) 



BNSOOCID: <WO 942891 6A1 J_> 



ANMANC3 

zua international en Recherchen- 
bericht ufaer die Internationale 
Patsntanmslduno Nr. 



In diesem Anhamj sind die Mitglieder 
dsr Patentfamlisn der in obenge- 
nannten internationalen Recherchenbericht 
angefuhrten Pafcentdokumente angegebsn. 
Diese Angaben dienen nur zur Unter- 
richtung und erfolgen ohne Gewahr. 



ANNEX 

to the International Search 
Report to the Internationa! Patent 
Application No. 

PCT/GB 94/01284 SAE 91654 

This Annex lists the patent -family 
members relating to the patent documents 
cited m the above-mentioned inter- 
national search report. The Office is 
in no way liable for these particulars 
which are given merely for the purpose 
of information. 



ANNEXE 

au raoport de recherche inter- 
national rel at if 4 la daaande de brevet 
international n° 



La presents annexe indique les 
/aembres de la faaiille de brevets 
relatifs aux documents de brevets citSs 
dans le rapport de recherche inter* 
national viste ci-dessus. Les reseigne- 
tnents fournis sont donnas a* titre indica 
tif et n'enoagent pas ia responsibiiite 
de TOffice. 



I« Recherchenbericht 
ang&fiihrtes Patentdokument 
Patent docuioent cited 
in search report 
Docuisent de brevet ciW 
dans le rapport de recherche 



Datum dsr 
Veroffentiichung 
Publication 
date 
Date de 
publication 



Nitgliedfer) der 
Patenttamilie 
Patent family 
fteffiber(s) 
Neflibre(sJ de la 
faflilie de brevets 



WD A.t 9104274 



WP Al 8910133 



Datum der 
Veroffentiichung 
Publication 

date 
Date de 
publication 



04-04-91 



02-11-89 



CA AA 
EP Al 
JP T2 



2064558 
494268 
5502443 



EP Al 412105 
SB AO 8809419 
JP T2 3505575 



26-03-91 
15-07-92 
28-04-93 

13-02-91 
25-05-88 
05-12-91 



<WO 942891 6A1J_> 



